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 ION(ienai): Michael Faraday (& William Whewell) 
 
Faraday, M. (1834) Experimental researches on electricity, 7th series. 
 Phil. Trans. R. Soc. (Lond.) 124, 77–122. 
 
Dissociation: Svante August Arrhenius 
Dissertatio Academiae Upsalensis:  
(passed with fourth grade) (Ostwald in Uppsala August 1884) 
 
 
Arrhenius, S. (1887) Ueber das  
Leitungsvermögen  
der phosphorescirenden Luft. 
Ann. Phys. 32, 545–572. 
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Arrhenius, S.A. (1884) Recherches sur la  
conductibilité galvanique des électrolytes. 1–2. 
Stockholm. ii + 64; + 90 pp. + 1 plate. 
 
 
Giese, W: (1882) Experimentelle Beiträge zur Kenntniss  
vom elektrischen Leitungsvermögen der Flammengase.  
Ann. Phys. 17, 1–41 + 236–257 + 519–550. (95 pp.) 
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Summary of the 19th century knowledge: 
Thomson, J.J. (1898) Discharge of electricity through gases. Westminster. 
 
STUDENTS OF THOMSON 
 
John Zeleny 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                  Ernest Rutherford: 
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ATMOSPHERIC IONS 
Actually, the conductivity of the natural air was proved at first by Richmann  
in St. Petersburg and exactly measured by Coulomb (1785) in Paris. 
The mechanism of conductivity was not known this time. 
 
Elster, J., Geitel, H. (1899) Über die Existenz elektrischer Ionen in der Atmosphäre. 
Terr. Magn. Atmos. Electr. 4, 315–329. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                      
Ebert, H. (1901) Aspirationsapparat zur 
Bestimmung ded Ionengehalts der 
Atmosphäre. Phys. Z. 2, 662–664. 
Gerdien, H. (1905) Demonstration eines Apparates 
zur absoluten Messung der elektrischen Leitfähigkeit 
der Luft. Phys. Z. 6, 800–801. 
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Large ions........... 
CONTEMPORARY METHODS OF MEASUREMENT OF AIR ION MOBILITY DISTRIBUTION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Classification 
of methods 
according to: 
 
· air flow: 
drift tube, parallel 
flow, transversal 
flow, inclined flow; 
 
· recording of 
distribution: 
single channel 
stepwise scanning, 
single channel 
continuous 
scanning, 
multichannel 
measurement; 
 
· particle detection: 
CPC detector, 
external collector 
electrometer, 
internal collector 
electrometer 
Aspiration tube Drift tube 
Parallel flow Transversal flow Inclined flow 
Single channel Multichannel 
Stepwise scanning Continuous scanning 
CPC detector External collector Internal collector 
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DRIFT TUBES 
 
A forerunner: 
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INTEGRAL ASPIRATION CONDENSER 
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Riecke, E. (1903) Beiträge zu Lehre von der 
Luftelektrizität. Ann. Phys. 12, 52–84. 
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DIFFERENTIAL ASPIRATION CONDENSERS 
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MULTICHANNEL ASPIRATION CONDENSER 
 
 
YUNKER 
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FIRST MULTICHANNEL MOBILITY ANALYZER OF TARTU UNIVERSITY 
 
Tammet, H.F., Jakobson, A.F. and Salm, J.J. (1973) Multi-channel automatic air ion spectrometer 
(in Russian). Acta Comm. Univ. Tartu 320, 48–75. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Review of methods of 
air ion measurement 
20040531, page 17 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Review of methods of 
air ion measurement 
20040531, page 18 
 
 
           
Controller 
Computer 
Sheath air 
Meteo sensors 
Air ions
E
le
ct
ro
fil
te
r 
A
na
ly
ze
r 
Filter
HVS 
Fan Flow- meter 
Analyzer 
    VS  
  
 
 
 
 
 
 
Small air ion spectrometer IS1 and the measuring 
system. External dimensions of the spectrometer: 
height 695 mm, diameter 122 mm. 
 
TAHKUSE 
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NEXT GENERATION (developed via EAS) 
 
 
Is to be presented by Aadu Mirme 
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SINGLE-CHANNEL SCANNERS 
Tammet, H.F., Hilpus, A.O., Salm, J.J. and Üts, E.J. (1977) An air ion spectrometer for the detection of some 
admicture in air (in Russian). Acta Comm. Univ. Tartu 409, 84–88. 
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ERIKSON TUBE 
 
 
 
(1921) Phys. Rev. 18, 100–101. 
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 BSMA: Balanced Scanning Mobility Analyzer  
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BSMA2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0 290 10 20 80 90 133 202 223 255 260 
h = 46.0 
dh = 2.9 
d = 0.5 
150 
Width 240 
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DIFFUSION LIMIT OF RESOLVING POWER 
 
 
 
Loscertales, I.G. (1998) Drift differential mobility analyzer, J. Aerosol Sci., 29, 1117-1139. 
eV
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Z
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 IGMA: Inclined Grid Mobility Analyzer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ADVANTAGES AND DISADVANTAGES OF A PLAIN IGMA 
 
 
 
 
Aerosol inlet 
b d 
a 
h 
h 
u 
E 
Sheath air inlet 
Aerosol 
outlet 
Ballast air 
(could be recirculated to sheath 
air) 
V 
Disadvantages: 
· one of the aerosol inlet or outlet is on high potential, 
· loss on charged particles on attracting grid, 
· driving voltage is not effectively used because the 
beam of monomobile particles does not fill the space 
between grids. 
 
Advantages: 
· high mobility resolution, 
· easy to keep plug air flow in the instrument, 
· simple theoretical calculations, 
· calculated transfer function could be trusted 
without comparative calibration. 
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Passage of ions of central mobility in an ideal modified IGMA. 
 
The ions in the outlet are collected by a well-
insulated and shielded electrostatic filter powered 
by an internal battery and DC-DC converter. The 
collector is connected to the ground through an 
electrometric amplifier. Electrostatic shielding 
from the high voltage deflector grid allows free 
manipulation with mobility control voltage. The 
deflector grid is connected to a RC circuit with a 
time constant of about 4 s. The capacitor of this 
circuit is quickly charged up to 6 kV and slowly 
discharged through the resistor with a period of 
20 s. This assures the logarithmical scanning of 
mobility from the lowest to the highest value of 
the mobility range during the 20 s period. 
 
Tammet, H (2003). Method of inclined velocities in the air ion mobility analysis. Proceedings of the 
12th International Conference on Atmospheric Electricity 1, Versailles, pp. 399-402. 
step 12.5 mm 
gap 20 mm
 
gap 2 + 18 mm 
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TRAJECTORIES OF IONS IN A MODIFIED IGMA 
(plug air flow is expected) 
    
    Laminar flow, high mobility        Laminar flow, central mobility        Laminar flow, low mobility 
 
      
0
1
2
3
4
5
6
7
8
9
10
0.7 0.8 0.9 1 1.1 1.2
Relative mobility
T
ra
ns
fe
r % Turbulent
Laminar
 
          Turbulent flow (e =10%), central mobility.                                     Transfer functions. 
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   IGMA without the external filter.         IGMA (a side panel off) with the external recirculation filter. 
 Size 53 × 31 × 32 cm,  mass 17.5 kg.                      Size 85 × 31 × 48 cm,  mass 29 kg. 
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